Abstract Inside round muscles (Adductor) from camels treated with bromelain or ficin or papain at 50 or 100 ppm were subsequently stored at 4°C for 4 days to study the impact on quality attributes, protein degradation and textural changes. Results revealed that papain (100 ppm) treated camel meat showed higher drip loss and lower water holding capacity compared to other treatments. Total protein, sarcoplasmic protein solubility, trichloroacetic acid (TCA)-soluble peptides and soluble collagen were higher in papain and bromelain treated samples at 100 ppm compared to other treatments. Electrophoretic profile of whole camel meat, isolated sarcoplasmic and myofibrillar proteins depicted a noticeable degradation of various proteins in enzyme treated samples, with papain and bromelain (100 ppm) displaying pronounced effect. Meat treated with papain at 100 ppm displayed lower hardness and shear force (P \ 0.05). Thus, enzymes treatment at 100 ppm displayed good potential to tenderize camel meat with the papain being more effective among all.
Introduction
Camels are good and reliable source of meat especially in the areas where the climatic conditions hamper the performance of other animals. This is due to its unique physiology which makes it tolerant to high temperatures, solar radiation, water paucity, rough terrains and scarce vegetation. World camel meat production has shown a 40% increase when compared to the meat production reported during the last decade (FAOSTAT 2008) . Camel meat, particularly from young animals, has low fat with low cholesterol and is a good source of amino acids and minerals (Kadim et al. 2008 , Maqsood et al., 2016a . However, camel meat is considered to be one of the toughest kinds of meat, and has higher content of connective tissue than beef (Kadim et al. 2008; Maqsood et al. 2015a, b) . Reported less tenderness of camel meat than beef, at least in part, is due to higher average age at slaughter or post-mortem carcass chilling conditions or both. Increase in toughness with age of camels has been observed in terms of Warner-Bartzler shear force (WBSF) and has been associated with changes in muscle structure and the nature of connective tissue in the meat (Kadim et al. 2008) . Toughness of camel meat is an undesirable quality attribute and it limits its consumption, therefore it needs to be addressed in order to increase the consumer acceptability of camel meat. Considerable attention has been paid to the methods used for tenderizing meat without compromising the sensory quality. Different physical procedures have been evaluated for meat tenderization in number of studies such as muscle stretching (Taylor et al. 2012) , electrical stimulation (Hwang and Thompson 2001) and blade tenderization (Jeremiah et al. 1999) . Meat tenderization by exogenous proteases is one of the important and progressive methods to achieve desired tenderness of meat without the appearance of the meat & Sajid Maqsood sajid.m@uaeu.ac.ae getting affected. Plant derived proteases are advantageous to bacterially derived enzymes owing to safety concerns, such as pathogenicity, or other demerits associated with the latter. These enzymes can hydrolyse muscle protein and lessen the toughness of meat by hydrolysing collagen and elastin (Rawdkuen et al. 2013) . Five meat tenderizing exogenous enzymes which include ficin, papain, bromelain, Bacillus subtilis protease and Aspergillus oryzae protease are recognised as GRAS (generally recognised as safe) status by the United States Federal Agencies (CFR 2009, chap. 424; 1999, chap. 184) . The plant derived enzymes such as papain, bromelain and ficin have been found to have broad specificities and indiscriminately hydrolyse meat proteins (Ashie et al. 2002) . Therefore, enzyme application for camel meat tenderization could be a promising approach to get tender and juicy camel meat which could increase its consumer acceptability. No study has explored the use of plant derived proteases for improving the tenderness of camel meat. Thus, the present study is aimed at exploiting the effect of bromelain, ficin and papain on the physicochemical properties of camel meat which in turn are the determinants of its tenderness.
Materials and methods

Chemicals and reagents
All the enzymes and standards were of 99.9% purity and were purchased from Sigma-Aldrich (St. Louis, MO, USA). All other chemicals and reagents used were of analytical reagent grade unless otherwise stated.
Enzyme treatment
Eighteen portions of inside round muscles (Adductor) were removed from carcasses of nine female camels, 4-5 years of age, slaughtered at a Slaughter house in Al Ain, United Arab Emirates. UAE-Standard No. 993/2000 concerning animal slaughtering requirements according to Islamic law was followed while slaughtering the camels. After slaughter, whole carcasses were aged for 2 days at 2°C. Camels were grown in a semi-intensive rearing system and fed with fed ad libitum on a Rhodes grass (Chloris gayana) hay diet incorporated with date seed powder. Collected muscles were packed in a polyethylene zipper pouches and transported to laboratory of Food Science Department in a chilled condition within 1 h. Muscles were then vacuum packed and stored in a refrigerator (0-2°C) for 24 h. Muscles were then removed from the refrigerator and trimmed of visible fat and connective tissue and cut into similar sized chunks (2 cm 9 2 cm); 6 chunks from each muscle. Chunks were then randomly assigned to six groups receiving enzyme treatment and one control group (no enzyme treatment). Muscles were treated with bromelain, ficin or papain at 50 or 100 ppm, designated as (B 50 and B 100), (F 50 and F 100) and (P 50 and P 100), respectively, and one control (C) (no enzyme treatment) group was also prepared. Concentration of enzymes in ppm was calculated taking into consideration the enzymatic activity per mg (IU/mg). Muscles were injected with different enzyme solutions perpendicular to the direction of the muscle fiber using a Traeger Meat Injector possessing five needles (Model # BAC246, Wood Pellet Grills, Canada). The injection was performed carefully with a syringe injector, so that the entire enzyme solution could be uniformly pumped into the whole chunk. The enzyme solution which dripped out was re-injected into the chunks. Control group was not injected. All the samples were placed on a thermoform trays and wrapped in a cling film and were stored at 4°C for 4 days. The samples were then subjected to following analyses.
Water-holding capacity
Water-holding capacity (WHC) was determined according to Wardlaw et al. (1973) with slight modification. WHC was expressed in percentage as the following equation:
Volume of NaCl after centrifugeÀVolume of NaCl before centrifuge ð Þ Volume of NaCl before centrifuge ð Þ Â 100
Drip loss
The drip loss was calculated from differences in the weight before and after storing the meat sample at 4°C and the results were expressed as average proportion. The percent change in weight over the subsequent 48 h was taken as the drip loss as described by (Maqsood et al. 2015a ).
Drip loss % ð Þ ¼ weight of sample before cooling À weight of sample after coolingÞ weight of sample before cooling ð Þ Â 100
Protein fractions
Total protein and sarcoplasmic protein solubility
To determine total (sarcoplasmic ? myofibrillar) and sarcoplasmic protein solubility, two extraction steps were conducted as described by Joo et al. (1999) . For sarcoplasmic protein solubility, extraction was conducted on 2 g minced meat using 20 ml of ice-cold 0.025 M potassium phosphate buffer (pH 7.2). Samples were homogenized on ice using an Ultra-Turrax T25 high speed homogeniser (Janke & Kunkel, Staufen, Germany) and then left on a shaker at 4°C overnight. Samples were centrifuged at 1500 g for 20 min and the supernatant was filtered through Whatman No. 1 filter paper (Whatman International, Ltd, Maidstone, England) . Protein concentration in the supernatants was determined by the Lowry method. For total protein solubility, extraction was done on 2 g of minced muscles using 40 ml of ice-cold 1.1 M potassium iodide in 0.1 M phosphate buffer (pH 7.2). The same procedures for homogenisation, shaking, centrifugation, filtration and protein determination were used as described above. Total protein and sarcoplasmic protein solubility was expressed as mg of protein/g of sample.
TCA soluble peptides TCA-soluble peptides were determined according to the method described by Maqsood et al. (2015a) . Meat samples (3 g) were homogenized with 27 ml of 5% trichloroacetic acid (TCA) (w/v) at speed of 19,000 rpm. The homogenate was kept in ice for 1 h and centrifuged at 5000 g for 5 min.
The soluble peptides in supernatant were measured by the Lowry method and expressed as mg of protein/g sample.
Total collagen and hydroxyproline content
Hydroxyproline (HP) content of the meat samples was determined based on the procedure suggested by Naveena and Mendiratta (2001) . A hydroxyproline standard solution, with concentration ranging from 10 to 60 ppm, was also included. Total collagen (mg/g sample) was calculate as:
Total collagen ¼ Hydroxyproline content Â 7:14
Collagen solubility
For determining collagen solubility, five grams of muscle tissue was taken in a 250 ml beaker and immersed in water bath (100°C, 30 min) after covering the beaker with watch-glass. The cooked meat was then taken out of the beaker and cut into small pieces and homogenized with 50 ml distilled water for 2 min. The extract was then centrifuged at 4000 rpm for 30 min. Aliquots of cooked out juice and centrifugate were hydrolysed for 18 h at 108°C in hot air oven and soluble hydroxyproline was calculated according to Williams and Harrison (1978) .
Soluble collagen content ¼ 7:14 Â % HP solubilised:
Extraction of sarcoplasmic and myofibrillar proteins and enzyme treatment Myofibrillar proteins was extracted following the method of Hay et al. (1973) . 20 g meat sample was homogenised with 80 ml of 0. 
SDS-PAGE
Whole camel inside round muscles, isolated sarcoplasmic and myofibrillar protein fractions with and without enzyme treatment were subjected to 2-D electrophoretic pattern by running SDS-PAGE according to the method described by Maqsood and Benjakul (2010) . Wide range molecular weight marker was used for estimation of molecular weight of proteins. For each sample, 3-4 gels were run and the best one was selected as a representative. Quantitative analysis of each protein band intensity was conducted using a Model GS-700 Imaging Densitometer (Bio-Rad Laboratories, Hercules, CA, USA) with Molecular Analyst Software version 1.4 (image analysis system). The intensity of protein band of interest in the enzyme treated samples was expressed relative to that found in control camel meat (C).
Textural properties
Textural properties of camel meat cubes were measured using a texture analyzer (CT3-4500, Brookfield Engineering Laboratories, Middleboro, USA) with cylindrical probe (50 mm diameter). Texture analysis method described by Maqsood et al. (2012) was followed. The Texture Expert version 1.0 software (Stable Micro Systems, Surrey, England) was used to collect and process the data. Hardness, cohesiveness, springiness, gumminess and chewiness were calculated from the force-time curves generated for each sample on day 0 and day 4.
To measure shear force value, cores (10 9 10 mm cross section) were extracted from centre of meat cubes belonging to different treatment groups using two scalpel blades at a fixed distance. Cores were extracted parallel to the muscle fibers and then each core was sheared perpendicularly to the fibers in two places using a shear blade geometry attached to Brookfield texture analyser. Shear force measures the maximum force required to shear across the muscle fibers. Six measurements for each treatment were taken on cores prepared from different meat chunks.
Statistical analysis
A completely randomized block design was used to assess the effect of three enzymes at two concentrations on various quality attributes of camel inside round muscles. Inside round muscle from each camel served as a block and each block was divided into six chunks and these chunks were assigned randomly to seven different treatments (fifteen chunks per treatment) (control, B50, B100, F50, F100, P50, P100). The chunks were divided into three batches for each treatment, which served as three replicates for each treatment. The data were analysed statistically with the SPSS program for Windows (SPSS version 11.5, SPSS Inc., Chicago, IL, USA). Duncan's multiple-range test was used to compare the difference between means. The accepted level of significance for all comparisons was P \ 0.05. To investigate the relationship between two sets of protein parameters (total vs. sarcoplasmic solubility; and total collagen vs. soluble collagen contents) the data were statistically assessed by linear regression and analysis of variance by a general linear models procedure using an IBM SPSS Statistics 23 (SPSS Inc. Chicago, IL).
Results and discussion
Effect of enzyme treatments on water holding capacity (WHC) and drip loss of camel meat Drip loss in camel meat treated with or without bromelain, ficin or papain at the concentration of 50 or 100 ppm on day 0 and 4 of storage is shown in Fig. 1A . The drip loss of fresh camel meat samples was 3.82%. After 4 days of storage the drip loss of both the control as well as the enzyme treated samples shown a significant increase which corroborated well with the decrease in water holding capacity (WHC) of enzyme treated samples (Fig. 1B) . At 100 ppm concentration, papain treated samples showed the maximum drip loss of 7.95% followed by bromelain and ficin treated samples which resulted in drip loss of 7.25% and 5.83% respectively (P \ 0.05). However, enzyme treatment at 50 ppm, bromelain proved to be more effective, resulting in drip loss of 6.64% followed 5.01% and 4.6%, respectively by papain and ficin. The highest drip loss for bromelain (50 ppm) treated samples corroborated well with lower WHC. The overall increasing trend of drip loss after enzyme treatment may be the consequence of denaturation and degradation of the meat proteins caused by the enzymes, thus losing the water quite readily. Hughes et al. (2014) have also found increased drip loss when the meat proteins were subjected to heat induced denaturation.
WHC of the camel meat treated with or without bromelain, ficin or papain at concentrations of 50 or 100 ppm on day 0 and day 4 of storage is shown in Fig. 1B . The ability of meat protein to retain inherent water, defined as WHC, is an essential quality parameter for both industry and the consumer. WHC of the fresh camel meat was 35%, which decreased significantly with enzymes treatment after 4 days of storage, compared to that of control samples at day 4 and fresh samples at day 0 (P \ 0.05). The decrease in WHC in enzyme treated samples may be due the denaturation and degradation of proteins (Rawdkuen et al. 2013) , which might have caused proteins to lose the capacity to hold water. Joo et al. (1999) proposed that the contribution of degradation of both sarcoplasmic proteins as well as myofibrillar proteins in the reduction of WHC in the meats. Among the various enzymes, ficin treated camel meat at 100 ppm concentration showed the highest WHC of 31.25 followed by WHC of 26.25 and 23.75 respectively for bromelain and papaia treated, when applied at the same concentration (P \ 0.05). The highest WHC of 30% was observed for papain at 50 ppm 23.75% and 22.5%, respectively for ficin and bromelain. Dose dependent action was observed in all the enzymes used except papain. Overall, meat treated with papain at 100 ppm concentration showed the highest drip loss and the lowest WHC compared to other samples (P \ 0.05).
Effect of enzyme treatment on total protein solubility (TPS), sarcoplasmic protein solubility (SPS) and TCA-soluble peptides Total protein solubility (TPS) of the camel meat treated with or without bromelain, ficin or papain at the concentrations of 50 or 100 ppm on day 0 and 4 of storage is shown in Fig. 2A . On day 0 of storage, TPS of control samples was 11.59 (mg protein/g sample) which increased to 12.1 (mg protein/g sample) in control samples on day 4 of storage (P [ 0.05) which may be due to the activity of the endogenous proteases present in camel meat. After 4 days of storage, an increase in TPS was observed in the enzyme treated samples, except ficin 50 ppm treated samples, compared to control on day 4. TPS was found in the range of 12.49-14.60 (mg protein/g sample) for the enzyme treated samples after 4 days of storage. Bromelain was found to have more pronounced effect, resulting in the highest TPS at 100 ppm concentration followed by papain at 50 and 100 ppm concentration (P [ 0.05). However, they were overtaken by bromelain at 50 ppm concentration resulting in TPS of 13.64. Ficin showed the least TPS 12.49 and 13.20 at 50 ppm and 100 ppm, respectively. Naveena et al. (2004) also reported higher protein solubility in papain treated buffalo meat compared to control (P \ 0.05). Increase in TPS of enzyme treated meat samples can be attributed to the myofibrillar protein degradation and enhanced permeability of myofibrils (Rawdkuen et al. 2013) . Increased protein solubility has also been found in spent hen meat treated with papain and ginger extract (Naveena and Mendiratta 2001) . Increase in soluble proteins are used as an indicator of myofibrillar proteolysis, which is well reflected in higher degradation of myofibrillar proteins as depicted in results of SDS PAGE (Fig. 5) . Moreover, Ramezani et al. (2003) suggested from nitrogen solubility index (NSI) analysis and SDS-PAGE that ficin might increase the solubility of beef protein by degrading the proteins into smaller molecular weight units which, when aggregated, form a 3-dimensional network.
Sarcoplasmic protein solubility (SPS) of the camel meat treated with or without bromelain, ficin or papain at the concentrations of 50 or 100 ppm respectively, on day 0 and 4 of storage is shown in Fig. 2B . On day 0 of storage, the SPS of fresh samples was 5.77 (mg protein/g sample) and it increased to 6.19 (mg protein/g sample) (P \ 0.05) which may be due to proteolytic action of the endogenous enzymes present in the camel meat. After 4 days of storage, a significant increase in SPS was observed in the enzyme treated samples as compared to the control (day 0) (P \ 0.05). Bromelain was found to be the most effective enzyme resulting in higher SPS of 7.16 and 6.63 at 100 ppm and 50 ppm, respectively, compared to control on day 4. This was followed by papain which displayed SPS of 6.77 and 6.21 at 50 ppm and 100 ppm, respectively. The least SPS was found in ficin treated samples which resulted in SPS of 6.12 and 6.33 (mg protein/g sample) at 50 ppm and 100 ppm, respectively. Sullivan and Calkins (2010) have also demonstrated increase in salt and water soluble proteins in beef after treatment with papain (9 ppm) and ficin (9 ppm) compared to control beef samples. Moreover, Naveena et al. (2004) have also reported an increase (P \ 0.01) in sarcoplasmic and myofibrillar protein solubility in papain-treated buffalo meat compared to control. It has also been suggested that increase in sarcoplasmic protein solubility of meat could be used as potential indirect indicators of its tenderness (Sullivan and Calkins 2010) . All the enzymes at both concentrations have an increasing effect on total protein as well as sarcoplasmic protein solubility which is reflected by a good positive correlation (r 2 = 0.7195) between the two (Fig. 3a) . A good correlation coefficient (r 2 = 0.7195) between total and sarcoplasmic protein solubility displayed by different enzymes indicated that enzymes were able to act on different proteins fractions in a similar fashion therefore increasing their solubility.
TCA-soluble peptides content of 0.20 mg/ml were found in the fresh sample (Control: Day 0) (Fig. 2C) . After 4 days of storage, the TCA-soluble peptides content of the control as well as the enzyme treated samples increased compared to that of day 0 of storage (P \ 0.05). The increase in TCA-soluble peptides content in enzymes treated samples might be due to an increase in higher permeability of myofibrillar protein structures caused by enzymes, resulting in disintegration and then the release of peptides (Rawdkuen and Benjakul 2012) . At 100 ppm bromelain at 100 ppm exhibited the highest TCA soluble peptides content of 0.44 mg/ml followed Meat treated with 0.4 and 0.31 mg/ml, respectively for papain and ficin treated. A similar trend was observed when the enzyme treatments were carried out at 50 ppm concentration in which bromelain treatment resulted in TCA soluble peptides content of 0.37 mg/ml followed 0.31 and 0.27 mg/ml respectively for papain and ficin treated. Ketnawa and Rawdkuen (2011) also reported that high TCA-soluble peptides content in bromelain treated samples was due to greater muscle protein hydrolysis. Bromelain applied to the meats resulted in collagen hydrolysis and formation of small peptides (Ketnawa and Rawdkuen 2011) . Similar results with respect to increased formation of TCA-soluble peptides were observed by Rawdkuen et al. (2013) using proteolytic extract from Calotropis procera latex to treat pork, beef and chicken muscle. Overall, bromelain and papain (100 ppm) showed highest TCA-soluble peptide on day 4 of storage compared to other treatments (P \ 0.05). TCA-soluble peptides content indicated the accumulation of oligopeptides and/or free amino acids, as well as degradation protein products caused by enzymes action. Therefore, enzyme treatments were found to be effective in improving the TCA-soluble peptide, sarcoplasmic and total protein solubility with papain and bromelain at 100 ppm playing the promising role.
Effect of enzyme treatments on total collagen and soluble collagen content
Total collagen content of the camel meat samples treated with bromelain, ficin or papain at concentrations of 50 or 100 ppm respectively, on day 0 and 4 of storage is shown in Fig. 4a . Fresh camel meat (control: Day 0) had a collagen content of 0.14 mg hydroxyproline/g sample, and it increased to 0.15 mg hydroxyl proline/g sample on day 4 of storage (P [ 0.05). Treatment with different enzymes increased the collagen content of the meat samples significantly compared to the control (day 0) (P \ 0.05). Increase of total collagen content might be due to the degradation of intermolecular cross-linking bonds in collagen fibrils with enzyme treatment, thus able to extract more collagen during extraction process which was reflected in the higher concentration of hydroxyproline detected in the assay. At 100 ppm concentration, bromelain treated samples gave the maximum value of 0.28 (mg hydroxyproline/g sample) for total collagen followed by papain and ficin treated samples which showed total collagen content of 0.23 and 0.20 (mg hydroxyproline/g sample) respectively. Same trend of total collagen was observed when the enzyme concentration was halved to 50 ppm. Bromelain treated samples showed the highest total collagen of 0.23 (mg hydroxyproline/g sample) followed 0.21 and 0.16 (mg hydroxyl proline/g sample) respectively for papain and ficin treated. Ha et al. (2012) have also reported that bromelain protease preparation displayed the highest specific activity towards the Azocoll (Commercial collagen) substrate, compared to papain, actinidin and zongibain enzyme preparation. The soluble collagen content of camel meat samples treated with bromelain, papain and ficin at 50 ppm or 100 ppm concentrations at day 0 and 4 of refrigerated storage is shown in Fig. 4B . Soluble collagen content was significantly affected by both type and concentration of the enzymes. All the enzyme treatments have significantly increased the soluble collagen content (P \ 0.05) but ficin treatment at 50 ppm did not changed the soluble collagen content (P [ 0.05) compared to fresh samples (Control: day 0 and day 4). Bromelain treatment at 50 and 100 ppm significantly increased soluble collagen to 0.057 and 0.054 (mg hydroxyl proline/ g sample), respectively, compared to control at day 0 storage. However, there was no significant increase in soluble collagen by bromelain treatment when the concentration increased from 50 to 100 ppm. Papain treatment showed a significantly higher soluble collagen content compared to other enzyme treatments and control samples (P \ 0.05), however, increase in concentration of papain from 50 to 100 ppm did not showed a significant increase in soluble collagen content (P [ 0.05). Rawdkuen and Benjakul (2012) also reported higher collagen solubility in papaya latex proteases treated chicken, giant catfish, pork and beef samples compared to bromelain and Calotropis. Ficin treatment at 50 ppm did not changed the soluble collagen compared to control at day 0 of storage (P [ 0.05), but the same enzyme at 100 ppm significantly increased soluble collagen to 0.04 (mg hydroxyl proline/ g sample) compared to control at day 0 and day 4 of storage (P \ 0.05). Among all the enzymes treated samples, papain at 50 and 100 displayed the higher soluble collagen content compared to all samples (P \ 0.05). Sullivan and Calkins (2010) also reported that papain-treated beef exhibited higher collagen solubility than other treatments (bromelain, ficin, and Bacilus subtilis proteases). A significantly higher collagen solubility was also reported in beef treated with papain compared to water-treated control and alkaline elastase treated sample sample (Takagi et al. 1992) . Ashie et al. (2002) found the significant higher effect of papain on hydrolysis of collagen compared to bacterial enzyme, aspartic proteinase.
Overall, there was a good correlation (r 2 = 0.82) between the increase in total collagen and soluble collagen content after treatment with different enzymes (Fig. 3b) . This indicated that three enzymes acted on collagen resulting in its breakdown and thus increase the solubility of collagen after enzyme treatment. Increased collagen solubility of enzyme treated samples might be due to an increase in permeability of the connective tissue, which will disintegrate easily. In addition, proteases may also promote structural alterations through action on intermolecular cross-links (Rawdkuen and Benjakul 2012) . Collagen is known to play an interesting role in the integrity of the muscle structure and is the determining factor in the textural differences among various muscles (Bailey and Light 1989) . Enzyme treatments have significantly increased the total as well as soluble collagen content of the camel meat samples and therefore, it is expected that such treatments would help to tailor the textural properties of otherwise tough camel meat. Effect of enzyme treatments on protein degradation of camel meat proteins, isolated sarcoplasmic and myofibrillar proteins as depicted by SDS-PAGE Protein pattern of fresh (control day 0) and enzyme treated camel meat after 4 days of refrigerated storage is presented in Fig. 5a . The detectable protein bands in the fresh whole camel meat were myosin heavy chain (MHC) (200 kDa), C-protein (116 KDa), alpha actinin (97 KDa), desmin (50 KDa) and actin (44 kDa) (Maqsood et al. 2015b ). There was a noticeable degradation in the different protein bands in the enzyme treated meat samples compared to the control on day 0 (Lane 1) (Fig. 5a) . At 50 ppm concentration, slight MHC degradation (8.5%) was found in ficin treated camel meat (Lane 4), while as bromelain (Lane 2) and papain (Lane 6) were highly degraded (24.6 and 22.4%), respectively, compared to control samples at same concentration. However, at 100 ppm concentration MHC was found to be more degraded by bromelain (Lane 3) (83%) compared to papain (Lane 7) (72.5%) and ficin (Lane 5) (5.5%) at same tested concentration. A different level of degradation for C-protein (73% for bromelain, 18% for ficin and 52.5% for papain) and alpha actinin (100% for bromelain, 78% for ficin and 100% for papain) at 50 ppm and complete degradation at 100 ppm enzyme concentration was observed in enzyme treated camel meat samples, with papain (Lane 7) and bromelain (Lane 3) at 100 ppm showing complete disappearance of the protein bands compared to ficin treated samples (Lane 5). Actin proteins also underwent different degree of degradation in all enzyme treated camel meat compared to control, however there was no difference in degradation of actin when enzyme concentration was increased from 50 to 100 ppm. Ha et al. (2012) have observed a targeted action of papain on titin, nebulin, myosin heavy chain, and actin while comparing action of various proteolytic enzymes on myofibrillar proteins. Ramezani et al. (2003) concluded from SDS-PAGE results of ficin treated meat showed that degradation of meat proteins occurred when used at a concentration range of 0.15 to 0.45 units ficin /g meat. The hydrolysis of meat myofibrillar proteins is considered to be a key factor responsible for meat tenderness and their hydrolysis has been shown to disrupt muscle fibre structure with an associated decrease in shear force and a consequent improvement in meat tenderness (Kemp et al. 2010 ). Similar observations have been found in our work where in a decrease in textural parameters, especially shear force has been noticed as the consequence of degradation of various proteins caused by enzyme treatment of camel meat (Table 1) .
The electrophoretic profile of isolated sarcoplasmic proteins treated with bromelain, ficin or papain at 50 or 100 ppm concentration is depicted in Fig. 5b . Sarcoplasmic proteins extracted from fresh camel meat contained glycogen phosphorylase b kinase (GPHb), enolase (EN), creatine kinase (CK), and glyceraldehyde phosphate dehydrogenase (GAPDH) (Marino et al. 2014) . Enzyme treatments affected the intensity of all detected sarcoplasmic protein bands. All the proteins bands decreased in intensity after the enzyme treatment with papain 50 ppm (Lane 6) and 100 ppm (Lane 7) displaying higher degrading effect for all detected protein bands. Overall, En and CK decreased to 76 and 81%, respectively, in all the enzyme treated samples when compared to control (Lane 1). In all the enzyme treated groups, dense protein degradation bands were retained near molecular weight of 25-30 KDa. Similar proteolytic bands (28-32 KDa) were reported by Han et al. (2009) for kiwi juice treated lamb meat. These bands were closely associated with tender meat steak. Overall, all the enzymes at both the concentrations degraded the sarcoplasmic proteins noticeably compared to the control samples (Lane 1) and there was no difference in the degradation cause by enzymes at 50 and 100 ppm concentration.
Hydrolysis of meat myofibrillar protein fraction has been regarded as the principle basis of meat tenderization (Bailey and Light 1989) . Degradation of these proteins was shown to associate with a lower shear force value (Han et al. 2009 ) and can be used as an indication for meat tenderness level. In this study, isolated myofibrillar protein fraction were subject to hydrolysis by adding three enzymes at two concentrations (50 or 100 ppm) (Fig. 5c) . Major protein bands detected were myosin heavy chain (220 kDa), desmin (50 KDa), actin (45 kDa), µ-and btropomyosin (35-33 kDa) (Claeys et al. 1995) . Three enzymes appeared to hydrolyse camel meat myofibrillar proteins differently with papain displaying the higher degradation effect (Lane 6 and 7). At 100 ppm concentration, all three enzymes were equally effective in degrading all the myofibrillar proteins intensively, which give strong indication of the tenderizing effect of enzymes in camel meat. The intensity of the band recognized as myosin, one of the major myofibrillar proteins, was found to be completely degraded by all enzymes at 100 ppm concentration. However, at 50 ppm enzyme concentration percent degradation of MHC was 38, 45 and 52% in bromelain, ficin and papain, respectively, as compared to control. Similar findings were report in lean meat from culled cow treated with papain in which degradation of the MHC as well lower intensity of actin and completely disappearance of alpha-actinin with appearance of low molecular weight protein degradation bands during a storage period of 168 h was found (Gerelt et al. 2000) . Desmin degradation is another marker of post-mortem proteolysis during meat tenderization (Wheeler and Koohmaraie 1999) . At 50 ppm concentration, papain (Lewis and Luh 1988) . Thus, the degradation of the myofibrillar proteins due to the enzyme treatments contribute to the tender camel meat, especially those treated with papain at 100 ppm concentration.
Effect of different enzyme treatments on textural properties of camel meat during refrigerated storage
The textural properties of camel meat treated with bromelain, ficin and papain at a concentration of 100 ppm, on day 0 or 4 of refrigerated storage is shown in Table 1 . For the control samples, there was no significant decrease in all the measured textural attributes between day 0 and day 4 of storage except for hardness and shear force. Hardness and shear force showed a significant (P \ 0.05) decrease in control samples after day 4 of refrigerated storage. Palka (2003) has also observed a significant decrease in textural parameters due to post-mortem aging of bovine semitendinosus muscle from 5 to 12 days at 4°C. Enzyme treatment of the camel meat significantly decrease (P \ 0.05) the hardness compared to the control samples at zero day of storage. Papain treatment showed a remarkable effect on decreasing the hardness by about 22% compared to the control on day 0 of storage. This was followed by bromelain and ficin treatments which decreased the hardness by about 14% and 10%, respectively, compared to the control on day 0 of storage. Bromelain was also reported to decrease the hardness values in chicken breast (Eom et al. 2015) . Rawdkuen et al. (2013) found that the firmness and toughness values significantly decreased in pork, beef and chicken when treated with proteolytic extract from Calotropis procera latex. Decrease in meat firmness was attributed to the proteolytic action of the enzymes on the myofibrillar proteins or by disruption of the connective tissue. The breakdown of myofibrillar proteins resulted in generation of small, low molecular weight peptides, consequently reducing firmness of the meat sample. Qihe et al. (2006) studied the changes in the relative hardness of enzyme-treated meats compared to control (untreated meat) stored for 24 h and reported that more rapid decrease in relative hardness was observed in enzyme treated meats, especially for 1% papain-treated meat compared with elastin and control. Papain and bromelain also decreased cohesiveness to about 17 and 7%, respectively, compared to the control at day 0 of storage (P \ 0.05) while as ficin treatment resulted in an insignificant and the least decrease in cohesiveness of about 5% compared to the control at day 0 of storage (P [ 0.05). Significant decrease (P \ 0.05) in springiness was also observed in all the enzyme treated samples except ficin on day 4 of refrigerated storage compared to the control. Papain treated samples exhibited the highest decrease in springiness, gumminess as well as chewiness followed by bromelain compared to control on day 0 and 4 (P \ 0.05). Again ficin treatment displayed a non-significant decrease in the aforementioned textural parameters compared to control on day 0 and 4th day of storage (P [ 0.050). For the control samples, there was no significant difference in the the textural parameters when the control samples were stored at refrigerated storage for 4 days (P [ 0.05).
Shear force is most commonly used to describe the tenderness of meat and it has been used by several researchers to give an impression of meat tenderness (Rawdkuen et al. 2013; Naveena et al. 2004 ). Significant decrease (P \ 0.05) in shear force was observed in all the enzyme treated samples after 4 days of refrigerated storage compared to the control at day 0. Papain treated samples Small letters in the same column indicated significant difference between the control and enzyme treated samples for different parameters tested (P \ 0.05). CON: control (day 0); CON-4: control (day 4); BR-100: bromelain (100 ppm); FC-100: ficin (100 ppm); PP-100: papain (100 ppm) exhibited the highest decrease (25.8%) in shear force followed by bromelain and ficin accounting for about 17.3% and 11.6% decrease, respectively, compared to the control at day 0 of storage (P \ 0.05). Sullivan and Calkins (2010) also found that papain resulted in the lowest shear force of the beef muscle when compared to other enzymes like bromelain, fresh ginger extract, Bacillus subtilis and Aspergillus oryzae proteases (P \ 0.05). Furthermore, other studies have also shown that papain has the greatest impact on Warner-Bratzler shear values when compared to other enzymes and was effective in improving the tenderness relative to the control samples (Ashie et al. 2002) . Ficin treatment resulted in the least decrease of about 11.6% in the shear force compared to the other enzyme treatment. A significant decrease of about 3.4% in the shear force of the control sample stored for 4 days was also observed compared to the day 0 control, which might be due to the action of endogenous proteases present in the camel meat. Overall, the enzyme treatments decreased all the textural parameters eg hardness by 9.5-22.4%, cohesiveness by 4.8-16.7%, springiness by 1.2-10.1%, gumminess by 0.9-4.6%, chewiness by 4.8-15.2% and shear force by 11.6-25.8%. Therefore, papain at 100 ppm was found ahead of the other two enzymes to influence the textural parameters while the ficin was found to be least effective.
Conclusion
The outcomes of this study indicate that different enzymes displayed a dose dependent effect on the increase of drip loss, TCA-soluble peptides, protein solubility, total collagen and soluble collagen content with papain and bromelain at 100 ppm concentration displaying comparatively higher impact. Papain and bromelain at 100 ppm also revealed higher degradation of different protein fractions and decreased the textural parameters of camel meat compared to that of ficin treated samples. These results suggested that the tenderness of camel meat can be improved by enzymatically tailoring the physicochemical properties of the camel meat proteins. This approach could be further explored and rationalised for enzyme concentrations, method of administration and treatment time by process optimization.
